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ABSTRACT 
 Influence of developer sentiment and Stack Overflow developers on Open Source Project 
Success: An Empirical Examination   
By 
Johnson Rajakumar 
April 2020 
Chair: Dr.Yusen Xia 
Major Academic Unit: Executive Doctorate in Business 
The collaborative effort of software developers around the world produces Open Source 
Software (OSS) products, and most importantly, the source code of the software product is 
shared publicly.  A recent survey of 1300 IT professionals by Black Duck Software showed that 
the percentage of companies using open source software grew from 42% to 78% between 2010 
and 2015 (Anthes, 2016).  There has been a significant increase in the formation of self-
organizing virtual teams to produce open source software products and services. The current 
literature does not address the factors affecting the success of open source projects through the 
lens of self-organizing virtual teams and the sentiment among software developers. This 
phenomenon suggests a need to understand how successful project teams are created in a virtual 
collaborative environment.  
This research investigates how successful virtual teams are formed through the influence 
of an online developer community. The focus of this research is to assess how the online 
developer community, Stack Overflow (SO), influences the success of open source projects. 
More precisely, the study empirically tests the influence of the SO community on successful 
Github (GH) projects. The investigation also empirically examines how the ties among the 
xiv 
software developers in the SO community initiate the self-creation of OSS project teams. The 
research also explores the perception of the developers about open source projects. Furthermore, 
the study probes the impact of OSS artifacts, namely “feature” and “patch” requests, on open 
source projects. 
The findings indicate that the perception of the developers in the SO community, prior 
ties among the developers in the community, and the artifact type of the project are the factors 
that influence the success of OSS projects. The research discusses the implications of the 
outcomes concerning self-organizing open source project teams. 
 
 
 
 
 
 
 
 
 
 
 
INDEX WORDS: Open Source Projects, Stack Overflow, Virtual Team formation, Developer 
Sentiment 
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I INTRODUCTION  
I.1 Problem: Formation of successful self-organizing open source project teams  
The Open Source Software (OSS) platform enables innovation by sharing skills and ideas 
from the software developers and application architects. The OSS framework not only promotes 
collaboration and innovation but also generates significant revenue for the technology industry. 
The most common business model is the "Dual Licensing Model" in which the software product 
is distributed not only with the "Open Source Integration" (OSI) license but also with a 
chargeable commercial product license. The famous OSS projects such as Mongo database and 
LINUX operating system were successful in the retail market (see Figure 1). Although there are 
numerous OSS projects in the market, only a few of them have been successful and have 
produced revenue (Chengalur et al. 2003).  
 
Figure 1 Open Source Market Trend 
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I.2 Determinants of OSS project success 
The success of OSS projects has been ascribed to several OSS characteristics such as 
operating systems, restrictive licenses, and software type. The knowledge sharing of technical 
expertise among the project team members is a critical element in the OSS framework. Network 
social capital has been defined by Portes (1998, p.6) as the “ability of actors to secure benefits by 
their memberships in social networks or other social structures.”  Internal cohesion (cohesion 
among the project members), external cohesion (cohesion among the external contacts of the 
project) and technological diversity (resources with diverse technical skillsets) are the significant 
attributes of open source collaboration networks (Singh et al. 2011). Given the importance of 
knowledge sharing among the project team members, it is surprising that little research has been 
performed on network social capital aspects of the project team (an exception being the work by 
Singh et al. 2011). Besides, OSS research has been centered on using "projects" as the unit of 
analysis (Rajdeep et al. 2006). The open source projects consist of teams that generate artifacts 
such as Feature Requests (introducing new functions) and Patch Requests (bug fixes to existing 
products) (Temizkan et al. 2015).  
I.3 Group formation 
The success of OSS projects has prompted many companies to take advantage of the OSS 
model of development (Stewart et al. 2006). For enterprises, OSS development is a big shift from 
proprietary software development as the former is characterized by a team of individual 
developers across different organizations. As such projects evolve, it is essential to understand 
how the teams are formed and whether they are successful. Team formation is a social 
phenomenon, and the findings imply that homophily and network constraints based on the 
existing strong ties exert a strong influence on team composition (Ruef et al. 2003). 
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I.4 Developer Communities 
Community denotes a group of people having a similar set of motives. The information 
technology (IT) industry has witnessed considerable growth over the last two decades. As 
complex software solutions require the capturing and sharing of technical knowledge, there is a 
need for software developers to ask technical questions and receive answers from a community 
of software engineers. Online software developer forums serve as excellent platforms to share 
knowledge among the community. The developers use such forums not only to discuss problems 
but also to share and receive feedback on high-level technical architecture. Stack Overflow (SO) 
website hosts the software development community, and the platform facilitates the posting and 
receiving of answers to challenging issues by the developers. The platform offers the right level 
of quality control by evaluating the posts through feedback from the original poster and by 
assigning categories. 
The advent of social media has dramatically changed the way people express their 
opinion on the goods and services received from a vendor. As OSS projects evolve, the 
adaptability of the product depends on the evaluation provided by the software developers. The 
developers express their opinion through comments and advices in the OSS project hub. Defects 
or crashes in the software will result in negative reviews by the developers, which will in turn 
lead to the failure of the product. Developer sentiment plays a pivotal role in the adaptability and 
success of OSS products. 
In this research, the emergence of self-organizing open source project teams from online 
developer communities has been investigated. Besides, the correlation between successful OSS 
projects and self-organizing teams from the online developer communities has been explored. 
This context is significant as it helps us to fathom how the existing relationships in a community 
4 
affect team formation in the context of a structured project. This context also assists the 
practitioners in understanding team formation mechanisms that impact the success of OSS 
projects. Besides, the impact of developer sentiments among the stack overflow community on 
open source projects has also been studied.  
I.5 Purpose of the study 
The focus of the research is to examine the effect of stack overflow community and 
developer sentiment on the success of open source projects.   
In this study, the following questions have been addressed:  
RQ1: Does the participation of stack overflow community developers influence the 
success of open source projects? 
RQ2: How does the level of participation of stack overflow community developers impact 
the success of open source projects? 
RQ3: Does developer sentiment towards open source projects influence the success of the 
projects? 
RQ4: Do both positive and negative sentiments influence the success of open source 
projects in the same way? 
This study involves artifact-level analysis with multiple programming languages (C++, 
Javascript, and Python) as the network boundary. In this work related to OSS, "Project" will be 
used as the unit of analysis. This research contributes to open source industry literature on the 
behavior of self-organizing teams in a collaborative network and adds to the knowledge of 
artifact-level analysis. 
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I.6 Research Structure and Approach  
The structure of this research is based upon five elements, namely, P (Problem situation), 
A (Area of concern), F (Conceptual framing), M (Method), RQ (Research question), and C 
(Contributions) (Mathiassen et al. 2012). These research elements are described in Table 1. 
Table 1: Composition elements of the research study 
P (Problem Setting) The collaborative effort of software 
developers around the world produces OSS 
products, and most importantly, the source 
code of the software product is shared 
publicly. Open source platforms enable 
innovation by the sharing of skills and ideas 
from the software developers and application 
architects. The knowledge sharing of 
technical expertise among the project team 
members is a critical element of the OSS 
framework. Although the importance of 
knowledge sharing among the project team 
members is understood, there is a need to 
appreciate the importance of self-organizing 
virtual teams in open source projects. The 
problem setting for this research is the 
influence of the online developer community 
on the success of open source projects. 
6 
A (Area of Concern) The influence of the Stack Overflow 
community on open source project success 
F (Conceptual Framework) Social Network Theory 
M (Research Method) Quantitative analysis of developer 
participation from Stack Overflow database 
and open source project data from Github 
archive database 
RQ (Research Questions) RQ1: Does the participation of Stack 
Overflow community developers influence 
the success of open source projects? 
RQ2: How does the level of participation of 
stack overflow community developers impact 
the success of open source projects? 
RQ3: Does the developer sentiment towards 
open source projects impact the success of 
these projects? 
RQ4: Do both positive and negative 
sentiments influence the success of open 
source projects in the same way? 
 
CP (Contribution to Practice) • Assessment of the online developer 
community and the directions for 
7 
future team building through 
developer communities 
• Contribution to engaged scholarship 
on building virtual project teams for 
enterprises through a pool of talented 
resources from online developer 
communities 
• Development of new recruiting tools 
and processes to apply within this 
context 
• Technical recruitment 
CA (Contribution to Area of Concern) • Detailed empirical research on the 
influence of developer communities 
on open source projects 
• Empirical assessment of developer 
sentiments participating in open 
source projects from the developer 
community. 
• Contribution to open source industry 
literature on the behavior of self-
organizing teams in a collaborative 
network 
8 
• Contribution to the area of open 
source projects and the associated 
success factors 
 
The current literature lacks an empirical validation of the influence of developer 
sentiment and stack overflow on open source project success. In this study, datasets collected 
from the Github and Stackoverflow databases were employed to test the hypotheses. Text mining 
on user comments was performed in the study to examine the influence of developer sentiments 
on open source project success. 
I.7 Summary 
In this section, the structure of the rest of the dissertation has been provided. 
Chapter 2: Literature Review 
 Chapter 2 reviews the theoretical and empirical literature on open source projects and the 
determinants of project success, with a special focus on the online developer community and 
developer sentiment. This chapter provides the evidence for the study of OSS determinants of 
success. This section analyzes the gaps in literature pertaining to the study of group formation 
and developer sentiment in the context of the online developer community.  
Chapter 3: Theoretical Framework 
 This chapter describes the social network perspective of OSS project development 
through the lens of network theory. This part also explains the development of hypotheses to 
evaluate the influence of stack overflow and developer sentiment on OSS projects. 
Chapter 4: Research Design and Methodology 
9 
This chapter covers the research design, data collection, transformation and analysis, text 
analysis approach, and methods. This section validates the hypotheses about the research 
question and provides a detailed description of control, moderator, and dependent and 
independent variables used in the analysis.  
Chapter 5: Results  
This chapter furnishes the results of the empirical research and illustrates the output of 
the descriptive and regression analysis. The results establish the validity of the six hypotheses 
and provide a successful model. The results of the study successfully validate the relationship 
between the stack overflow developer community and developer sentiment in open source 
projects.  
Chapter 6: Discussion 
 This chapter presents the findings and implications of the study. The key findings are 
analyzed through a theoretical lens. This part also discusses the various contributions of the 
study to the engaged scholarship and theory. Besides, it lists the limitations of the research and 
suggests further theories concerning open source project success and online developer 
communities. 
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II LITERATURE REVIEW 
Researchers, scholars, and corporations have been interested in identifying the 
determinants of OSS projects as they significantly influence the financial, legal, and policy 
decisions of the OSS development model (See Table 2). Our review focuses on the literature 
concerning OSS, starting with information system success determinants, OSS project success 
measures, OSS project developer network formation, online developer communities and 
developer sentiment before examining the literature gaps (See Figure 2). 
Table 2 Article Summary 
 Article 1 (DeLone) Article 2 
(Ravi Sen et 
al.) 
Article 3 
(Subramania
m et al.) 
Article 4 
(Grewal et 
al.) 
Article 5 
(Temizkan 
and Ram L 
Kumar). 
Article 6 
(Singh et al.) 
OSS Measures 
of Success 
IS success Factors: 
System Quality, 
Information Quality, 
System use, User 
Satisfaction, 
Individual Impact, 
Organizational Impact 
Subscriber 
Base, 
Developer 
Base 
Relationship 
among the 
success 
factors, 
Developer 
Interest in the 
Project, 
project 
activity, user 
interest 
Technical 
Achieveme
nts of a 
Project as 
well as 
indicators 
of Market 
or 
Commerci
al success 
Knowledge 
Creation - # 
of CVS 
Commits 
Knowledge 
Creation - # of 
CVS Commits 
Determinants 
of OSS 
Success  
 Number of 
Subscribers 
in a time 
period 
Number of 
Developers in 
a time period 
OSS 
Licenses 
(restrictive) 
Project age 
and 
Number of 
Page views 
Internal 
Cohesion, 
External 
Cohesion, 
Network 
Location, 
Network 
Decompositi
on 
Internal 
Cohesion, 
External 
Cohesion, 
Technological 
Diversity 
Variables – 
Time Invariant 
 OSS license, 
Operating 
System, 
Programming 
Language, 
Accepts 
financial 
Donations, 
User Type 
OSS License 
type, 
Operating 
System and 
Programmin
g language 
 Programming 
Language  
 
Variables – 
Time 
Dependent 
 Project age, 
Number of 
developers 
working on 
the project in 
a month 
(Developers) 
Project 
status, 
Developer 
Interest, user 
interest, and 
Project 
Activity 
 Patch and 
Feature 
Request – 
Repeat Ties, 
External 
Cohesion 
Repeat Ties, 
Network 
Constraint 
Projects 
11 
 
Figure 2 Literature Review Design 
II.1 Information systems success determinants 
The extensive literature on Information Systems (IS) has focused on various measures to 
determine the success of an IS project. The most frequently used model for deciding IS success 
is the one proposed by DeLone and McLean (1992, 2002, 2003). This model provides six 
interrelated measures of success for IS: System Quality, Information Quality, System Use, User 
Satisfaction, Individual Impact, and Organizational Impact. The model states that the six 
measures of success are interrelated rather than independent (DeLone et al. 2003). As the role of 
IS changed over the years, the researchers suggested three major dimensions for IS success: 
“Information Quality,” “Systems Quality,” and “Service Quality.” They argue that each of the 
three dimensions should be measured and controlled separately. The Delone and McLean 
(D&M) IS success model is described in Figure 3. 
 
Search in Research 
Datbase for 
Information 
System Success 
• 500,000+ 
articles
Filter only open 
source software 
related papers
• 250,000+ 
articles
Include academic 
and practitioner 
journals
• 50,011 
articles
Exclude Duplicate 
Articles
• 4000 
articles
Filter articles related to 
Artifact type - Patch and 
Feature request, Developer 
sentiment and online 
developer community
• 130 
articles
Manual Selection 
and review
12 
 
Figure 3 D&M IS Success Model 
 
II.2 OSS project success measures 
OSS is a unique type of system development, and it differs vastly from traditional 
software development practices. Proprietary projects are developed in a structured environment 
with a pre-determined set of resources and controls (See Table 3). Unlike these projects, the 
public can download the computer program of the software in OSS projects (Sen et al. 2011). 
The latter projects are designed and developed through the voluntary contributions of developers. 
OSS projects extend beyond a single organization since a community of developers from 
different organizations build the software code. Later, Crowston et al. (2003) opined that the 
measures posted by Delone and Mclean are hard to justify for the OSS projects and proposed 
several measurable criteria (project output, success, and outcomes for project members) to serve 
as indicators for the success of OSS Projects. Crowston et al. (2003) and Subramanian et al. 
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(2009) concluded that any single measure could not be the final word on success and suggested 
using a portfolio of tests that draw on different perspectives for evaluating OSS Projects.  
Table 3 OSS and Proprietary Applications 
Applications Open Source Software Proprietary 
ERP Metasfresh Oracle EBS 
Browser Mozilla Firefox Microsoft Internet Explorer 
Database Oracle relational database MongtoDB NoSQL Database 
Office productivity suite Microsoft Office Apache OpenOffice 
 
The existing literature has also provided different determinants for the success of open 
source projects. OSS literature has identified that voluntary contribution of the developers, 
capability to attract financial donation from major corporations, and the ability of users to 
modify the software contribute to the success of OSS projects. The most recognized determinant 
of OSS success is the participation of developers in creating, developing, and maintaining the 
software (Ravi Sen et al. 2012).   
Intellectual property rights (IPR) play a significant role in the IS projects and, more 
specifically, OSS projects. Owing to the significance of IPR in OSS projects, Wen et al. (2013) 
discovered that OSS projects with a high degree of overlap with disputed OSS exhibited a more 
significant decline in the adaptability of the software. The enforcement of IPR action on an OSS 
project significantly impacts its success.  
The OSS projects are coded in multiple programming languages. Successful projects 
attract skilled developers, many users and company sponsorship. The developer base is referred 
to as the number of developers participating in a project in a given period, and the subscriber 
base is referred to as the number of peoples subscribing to an OSS project in a given period 
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(Stewart et al. 2006). Through an empirical study, Sen et al. (2011) discovered that the projects 
using a specific programming language such as C or its derivative exhibited a higher degree of 
subscriber base than the projects lacking these characteristics. Another key finding of this 
research is that OSS projects with restrictive licenses attracted fewer subscribers and developers 
(Sen et al. 2011). The study also concluded that the influence of subscribers and developer base 
increased with the age of the project.  
Although knowledge sharing is a vital component of a successful OSS project, it also 
requires the developer’s attention to be successful. As software developers participate in multiple 
projects, their attention towards the focal project diminishes, thereby lowering the chances of its 
success. Daniel et al. (2016) explored how knowledge integration, developer attention and 
network degree centrality influence the success of OSS projects. 
The research on OSS project success has a profound influence on software managers and 
project administrators. The longitudinal study performed by Subramaniam et al. (2008) indicated 
that restrictive OSS license has a negative impact on the success of OSS projects. Also, the study 
identified that the success measures of activity levels, user interests, and developer interests are 
interrelated to one another. The data for this study primarily comes from the open source projects 
hosted at Sourceforget.net. However, the OSS success studies failed to consider the social 
collaboration and the social factors involved in the creation of the project. 
II.3 Network formation 
The study of social factors that constitute the OSS project team and its impact on the 
success of the project provides a set of recommendations for OSS project managers to follow. 
The collaborative social model offers a collection of new templates that improve the software 
development process. However, challenges exist in the collaborative structures that impact the 
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success of the OSS project. Rajdeep et al. (2006) argued that open source systems need to be 
viewed as a network and that the project managers with a high degree of social capital will be 
able to create teams with technically diverse skillsets (Ruef et al. 2003). The study also identified 
that network embeddedness has substantial effects on both the technical and commercial success 
of OSS projects (Rajdeep et al. 2006). Network embeddedness depicts the variations in the 
network ties, and the study explores the relationship between the heterogeneity of social capital 
and network embeddedness in the success of open source projects. 
The OSS environment is characterized by a set of developer volunteers having the 
common objective of developing a software product. A successful open source project involves 
building a team of talented resources. The companies working on an OSS project can hire a 
project founder; however, the projects cannot succeed based solely on the project founder and 
their social capital. The social capital of the project founders is determined by the size of the 
team and team brokerage. The study by Wang et al. (2018) concluded that the size of the team 
and team brokerage contribute differently to the success of OSS projects.   
The open source project thrives on knowledge sharing across developers and projects. 
The project is created by the developer in a repository such as Github, SourceForge or Bitbucket. 
Subsequently, the OSS framework allows additional developers to modify the source code and 
provide other features and enhancements. The knowledge gained from one project can be applied 
to additional projects. As the promotion of knowledge sharing is a critical component of the OSS 
framework, Singh et al. (2011) discovered that the projects with greater internal cohesion, 
moderate levels of external cohesion, and technological diversity of the external network have a 
higher success rate.  As the projects are virtual in nature, communication becomes increasingly 
difficult and a high degree of internal cohesion provides trust and better knowledge sharing 
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among the team members. The open source developer network proposed by the study is 
illustrated in Figure 4. 
 
 
Figure 4 Open Source Developer Collaboration network (Singh et al. 2011) 
 
The decentralized open source ecosystem requires a better understanding of the OSS 
community. The developers and users forge a sense of relationship, and several studies have 
explained the OSS network phenomenon. The empirical research conducted by Madey et al. 
(2002) revealed that the OSS community is formed through a self-organizing developer network. 
The results revealed that the developer’s attachment to the project is not a random phenomenon; 
it rather occurs due to the existing ties between the feedbacks of the developer(s) on the projects. 
The study defined a set of software developers to be connected if they are members of the same 
project or if they are linked through a chain of related developers (Madey et al. 2002). 
17 
II.4  Online Developer Communities 
 Sociologists have studied the phenomenon of new team formation, and such studies have 
provided a macro-level view of the group formation concept. Research by Ruef et al. (2003) 
concluded that homophily, strong ties and isolation have a profound influence on the formation 
and composition of the teams. 
 The open source collaboration network can be described as an affiliation network. It is 
represented by the affiliation between two groups – one group representing the development and 
another denoting the activities performed by the developer in the OSS environment. The 
developers are related to each other through activities such as code development and testing 
performed by them (Wasserman et al. 1994). A developer working on two or more open source 
project form an affiliation network. Such an affiliation network for an open source project is 
provided in Figure 5 (Singh et al. 2007). 
 
Figure 5 Affiliation network for Gnome foundry 
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Black squares represent projects, and grey spheres represent developers. 
 The open source projects are developed by a pool of software developers, and the OSS 
communities evolve over time. The presence of an OSS project in the repository alone is not 
enough to make it successful. Well-established companies and enterprises use a community 
manager to promote open source projects and attract developers. The study performed by Jiang 
et al. (2016) concluded that the size and diversity of the developer community affect the 
productivity of the open source community. 
 Software development involves several challenges and requires theoretical and practical 
knowledge (Sacks 1994). The knowledge gained by resolving one issue can be applied to similar 
problems in another project. The difficulty is also related to how one of the solutions can be 
applied to resolve the issue (Boh et al. 2007). The informal knowledge to identify and address 
the issues through the best solution is kept within the developers, and gaining access to this 
knowledge will enable a better design and quicker resolution to the issues (Singh et al. 2007). 
 The social media and the internet, through knowledge sharing, have provided answers to 
several questions. The community-based knowledge sharing domains have become popular over 
the last decade. Social interactions between the developers have significantly increased through 
the community portal Stack Overflow (Blanco et al. 2019). Such communications are crucial to 
knowledge sharing. Chou et al. (2010) discovered that collaborative elaboration and 
communication competence impact the completion of OSS project tasks. However, the literature 
has not addressed how new teams emerge from the online developer community and whether 
they are successful. Figure 7 provides a view of how the developers got voted in questions.  
 
 
 
 
19 
 
Figure 6 Stack Overflow trend 
 
 
II.5 Developer Sentiment 
 Social media databases hold the opinions of millions of users. Individuals post their 
views on a social media website, and the advent of mobile technology has eliminated the 
constraints in the posting of opinions (Deng et al. 2018). Open source repositories contain the 
feedback from users in the form of opinions and comments. Sentiment analysis refers to the 
process of analyzing the input and ideas in textual format and categorizing them as positive, 
neutral and negative sentiments for decision making. The research performed by Ikram et al. 
(2015) indicated that the adaptability of OSS products increases with positive sentiment. The 
current literature has not addressed the relationship between developer sentiment and the success 
of open source projects. 
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II.6  Literature gap 
While the existing research has identified key OSS success measures and determinants, 
they have failed to recognize the factors in the context of OSS new feature requests and patch 
requests, an exception being the work by Temizkan et al. (2015). This study was performed on 
projects using a single programming language (Programming Language “C”) as the network 
boundary and relying on network social capital as the success factor. The developers with 
different forms of technology skills (technological diversity) are prone to produce new 
knowledge and improve the reliability of the OSS product. The data in this study was confined to 
projects using the programming language. Besides, the work did not include the technological 
diversities and the propensities of enterprise firms. Also, the data in most of the literature are 
based on a collection of open source projects in the repository “SourceForge.net”. Furthermore, 
the studies failed to consider the other prominent secondary open source project data source 
“GitHub”, which hosts a variety of open source projects that vary greatly in size, number of 
developers, and programming languages. 
Reusable software codes are abundantly available in the open source libraries, and access 
to diverse technological resources increases the number of innovative solutions to technical 
problems. Prior studies on large OSS projects such as Linux and Apache (Bergquist et al. 2001) 
have demonstrated the contribution of network social capital factors. Given that such elements 
influence OSS projects, the characteristics of the developers, such as technological diversity, are 
also likely to affect the success of the projects. Three network social capital entities (Table 4) 
and two moderating entities (Table 4) that can impact the success of OSS projects have been 
identified in this study. The control variables are technological diversity, age of the project, and 
size of the project teams.  
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Table 4 Key Constructs 
Constructs Description of constructs 
Technological Diversity Characteristics of the individual having a knowledge 
of diverse technologies 
Internal Cohesion The degree to which internal project members 
collaborate with each other 
External Cohesion The degree to which external project members work 
with each other 
Artifact type Type of request – patch request, feature request 
Patch Request Requests to correct the faults in the existing software 
Feature Request Requests to add new features to the existing software 
or add new software modules based on user requirements 
 
The researchers have primarily studied the social network perspective of open source 
software development through the SourceForge project community. The phenomenon of group 
formation is largely studied through ties among the developers in the OSS project community. 
The current literature does not address the group formation relationship between a distinct 
developer community such as stack overflow and a project community such as Github. Besides, 
the current literature does not address the success of open source projects and how a new project 
team is formed through an online developer community. The present literature also lacks a study 
of developer sentiment and project success in the context of highly enriched Github and 
Stackoverflow platforms. 
Given the gaps in literature, the impact of online developer community, Stack overflow, 
and developer sentiment on the success of the project was researched in this study. Moreover, the 
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influence of artifact type on the relationship between the participation level of stack overflow 
developers and OSS project success was also investigated. As the prior studies focused only on a 
single programming language and “SourceForge” project datasets, this work employed multiple 
programming languages as the network boundary and also made use of the open source project 
data foundry “GitHub.”  Figure 7 presents the growth of the GitHub repositories over the last 
three years. 
Figure 7 Github Growth 
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III THEORETICAL FRAMEWORK AND HYPOTHESES 
III.1 Theoretical Background  
Open source software is described as a “collective invention” (Nuvolari, 2005) in which 
developers freely share their expertise to produce new knowledge and products. Software 
products are often developed using a modular approach to design new modules as well as make 
improvements to the existing ones through innovative solutions (Sacks 1994). In addition to 
inheriting, integrating and making modifications to the current code, the developers gain 
adequate troubleshooting skills by engaging in software development (Boh et al. 2007). The 
success of an information systems project depends on the team’s ability to generate knowledge 
and transfer it within and across the boundaries (Ayas 1996). The knowledge gained on a 
software project can be applied to develop solutions for a similar project and reduce the delivery 
time (Singh et al. 2010). An open source developer can work on multiple concurrent software 
projects, and the knowledge gained can be effectively applied for related projects.  
The open source developers and users form a complex social network of relationships 
through electronic communication channels (Hippel et al. 2003). Social network is based on 
graph theory, which postulates that a network can be designed in the form of a graph, with 
developers representing the nodes and the connections among the developers denoting the edges 
(Wasserman. 1999). The collaborative networks are an offshoot of a social network in which the 
connections between the developers are collaborative in nature (Madey et al. 2002). The open 
source developers form collaborative relationships with others in an open source project 
community such as Github or with an entirely different developer community such as Stack 
Overflow. Previous research suggests that the strength of the relationship depends on variables 
such as length of the relationship, emotional intensity, and reciprocal engagement related to the 
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relationship (Granovetter 1973). The strength of relationship between the developers within the 
community plays a crucial role in the creation of an open source project team. In this paper, we 
focus on the prior collaborative relationship between developers in the stack overflow 
community as a driver behind the creation of open source project teams. The engagement of the 
community in open source projects and its influence on the success of these projects has also 
been examined. 
Various researches have reiterated that successful organizations are ambidextrous. A 
study by Newbert (2007) demonstrated the importance of resources in the performance of an 
organization. Ambidextrous firms acquire a competitive advantage through exploratory and 
exploitative innovations (Benner and Tushman, 2003). Organizational literature identifies three 
critical categories of ambidextrous process capabilities, namely, structural, contextual and 
leadership (Raisch and Birkinshaw 2008). Structural antecedents relate to the structural 
mechanisms that are implemented to balance the tradeoffs faced by the organization. Contextual 
antecedents are associated with the systems and processes that are deployed to balance the 
conflicting demands of an organization. (Lee et al. 2006). Leadership antecedents are linked to 
the leadership qualities required to support organizational ambidexterity.  
The ambidextrous organizations will be able to reap a better success by balancing both 
the exploitative and exploratory initiatives and not preferring one over the other. Organizational 
learning theory indicates that the survival and success of any organization depend on the teams’ 
and the firm’s ability to aid in the exploration of new initiatives and the exploitation of old 
certainties (March 1991, Holland,1975). The exploitation and exploration framework considers 
two views on organizational learning involving the development and use of knowledge: the 
exploitation of existing resources and the exploration of new options. Exploring new initiatives is 
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future-looking and involves various experiments (March 1991). Exploration is associated with 
novel ways of thinking and is captured by parameters such as variation, flexibility, discovery, 
and innovation. It is closely related to innovative ideas that completely change the trajectory of 
the used technology, besides significantly impacting the organizational competency. Exploration 
results in innovative designs and requires unique knowledge or departure from the existing one. 
In the context of IT, a different set of organizational structures enables the exploratory 
team to produce innovative solutions and the exploitative team to develop the required solutions 
for the project. The development of a software product involves a set of activities that are related 
to adding new features (FR- feature requests) and fixing the issues with the existing product (PR 
– patch requests). Exploration is associated with experimentation, discovery, and risk-taking 
behavior (Choi et al. 2018). These activities are closely related to feature requests. Hence, it is 
suggested that such requests be called exploration activities. In contrast, the exploitation of 
software products refines the existing features of products through the implementation of 
patches. Hence, it is suggested that patch requests be called exploitation activities. 
Exploiting the existing products is associated with variance-reducing activities (Farjoun 
2010) via focus and refinement. Organizations have demonstrated that they can improve their 
teams and achieve high knowledge levels if they cultivate heterogeneous knowledge (March 
1991). This research also indicated that “the essence of exploitation is the refinement and 
extension of existing competencies, technologies, and paradigm. The essence of exploration is 
experimentation with new alternatives” (March 1991). Firms can engage in different degrees of 
exploitation and exploration activities. 
Such activities create incompatible and inconsistent actions (March 1991). Exploration 
instills a broad range of new and undeveloped ideas; in contrast, exploitation presents a narrow 
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range of in-depth solutions. The former is associated with innovation, flexibility, and 
decentralization, and in comparison, the latter is related to efficiency, centralization, and 
refinement. This study specifically focusses on the impact of stack overflow community 
participation on patch and feature request associated activities. 
The online communities thrive on knowledge sharing between the individuals and groups 
in the community. The knowledge sharing process is defined as the involvement of members 
who contribute knowledge and explore it for reuse (Chen et al. 2010). The developers from 
different backgrounds share their technical and professional knowledge with others in the 
community. The individual’s self-motivation, interpersonal skills and organizational context play 
a major role in knowledge sharing among the members. The social exchange theory is well 
suited to explain this concept (Blau 1964). The developers are self-motivated to share their 
knowledge with the community, and the worthiness of the community depends on the quality of 
knowledge shared in the network (Chen 2007). According to the social exchange theory, a donor 
and a receiver are involved in a knowledge-sharing transaction. The donor determines what to 
exchange with the receiver. The members in an online developer community can exchange their 
knowledge to troubleshoot issues and guide other members in developing a new functionality. 
The OSS projects have a greater chance of success if there is a higher degree of knowledge 
sharing between the team members, which promotes innovation (Wang et al. 2012). The online 
communities such as stack overflow provide a forum to foster innovation through knowledge 
sharing between the members. In this study, we focus on the ties forged through knowledge 
sharing in the developer community and its impact on the success of the project. 
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III.2  Hypotheses 
Research Question: 
RQ1: Does the participation of Stack Overflow community developers influence the success of 
open source projects? 
RQ2: How does the level of participation of stack overflow community developers impact the 
success of open source projects? 
Hypothesis H1: The greater the participation of stack overflow developers, the higher the 
success of open source projects. 
Open source software has evolved over the years, and they vary significantly in their 
technological composition and architecture. Knowledge is generated through variations in 
existing and new knowledge (Kogut et al. 1992). The team members with different technological 
expertise facilitate various forms of technical knowledge, capabilities, and alternative solutions. 
This approach fosters new thoughts, ideas, and innovative solutions to the existing problems 
(Sampson, 2007). The knowledge shared across a project team having diverse technical expertise 
is highly beneficial for the successful completion of the open source project. The repository 
Github provides a platform for the developers to publish their code and the project. A 
collaborative platform such as Stack overflow, enables the developers to share their skills and 
assist others. The developers share their knowledge when developing a code in GitHub and 
answering the questions in Stack overflow. Based on these arguments, a positive linear 
relationship is hypothesized between the participation of stack overflow developers and project 
success.  
Hypothesis H2:  The more the reputation level of stack overflow developers, the higher the 
success of open source projects. 
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The stack overflow site is focused on providing a forum to pose and respond to programming 
level questions. The developers offering high quality and highly ranked answers to questions and 
actively participating in discussions receive reputation points in the platform. The score 
measures the developer’s activity and the quality of that activity in the network (Macleod, 2014). 
It could be inferred that a high reputation score implies the ability of the developer to share their 
high-quality talent with the rest of the community. Hence, it could be argued that a linear 
relationship exists between the reputation level of the stack overflow developers participating in 
open source projects and the success of the projects. 
Hypothesis H3:  The higher the number of existing ties between the stack overflow developers 
involved in open source software projects, the higher the success of the projects. 
Sociology literature has proposed that the perceived status of any human being is related to their 
relationship with others (Frank,1985). The status of a relationship is based on the number of 
prior ties (Podolny,1993). A virtual community of developers builds open source projects. In this 
context, prior connections provide an opportunity to develop high-quality software as previous 
collaboration opportunities enable the sharing and gain of technical knowledge. Earlier 
collaborative ties also allow the project team to gain additional resources and increase the 
possibility of success. Hence, it is proposed that the existing developer ties in the stack overflow 
community positively influence the participation of the developers in the community. 
Hypothesis H4:  The artifact type positively moderates the relationship between the 
participation of stack overflow developers and the success of open source projects. 
The feature-request teams capitalize on technological diversity, and they require new knowledge 
from different technical areas. However, the patch-request teams thrive on existing expertise, and 
they are focused on correcting problems with the existing open source software. The stack 
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overflow developer community has extensive experience in providing answers to complex 
programming questions and in resolving code bugs. Thus, it could be stated that the participation 
of stack overflow developers has a differential impact on the success of patch and feature request 
teams moderated by the artifact type. 
Research Question 
RQ3: Does developer sentiment towards open source projects influence the success of the 
projects? 
RQ4: Do both positive and negative sentiments influence the success of open source projects in 
the same way? 
 
Hypothesis H5:  There is a difference between the predictive performance of an open source 
project success model with sentiment and a model without sentiment. 
Hypothesis H6:  There is a difference between the predictive performance of positive and 
negative sentiment postings. 
Open source projects need continuous and long-term participation from the developers. The 
socialization behavior of developers contributes to their long-term participation in the project 
(Qureshi et al. 2011). A co-evolution relationship exists between the open source software 
development coding practice and communities (Lindberg 2013). The general feeling about a 
project is reflective of the sentiment of the participants and end-users. The succinctness of the 
feedback facilitates the diffusion of information in the community. An open source project with 
positive feedback attracts more developers. On the other hand, repositories with negative 
feedback may make the developers abandon their participation. Hence, it is suggested that the 
sentiment towards open source projects has a predictive power on their success. 
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The developers participate in an open source project for different reasons (Robinson et al. 2016). 
The positive sentiment towards the project attracts additional talent from the community. When 
the projects receive negative reviews, the developers may decide to leave it. The negative 
sentiment reflects a lack of functionality or poor reliability of the product. The research on 
behavior finance indicates that investors react to good news and bad news differently (Barberis et 
al. 1998). Particularly, the investors respond more strongly to bad news than good news. Hence, 
it is opined that the predictive performance for postings of negative sentiment is higher than that 
of positive sentiment. 
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IV RESEARCH DESIGN AND METHODOLOGY 
IV.1 Research Design  
A cross-sectional quantitative research design was implemented to validate the 
statistically significant relationship among the participation level of the stack overflow 
developers, existing ties between them, and their reputation level by moderating the behavior of 
artifact type, developer sentiment, and the open source project success factor. Relevant data were 
collected from the raw secondary data available through the Google BigQuery database to test 
the hypotheses of the relationship among the various independent variables and the dependent 
variable, project success.  
IV.2 Data Collection 
IV.2.1 BigQuery Database 
 BigQuery is a serverless large-scale data warehouse developed and hosted by Google. 
The platform stores massive datasets containing useful information from various sources. 
Through its strong query engine, the database allows the users to conduct interactive querying 
and data analysis. BigQuery enables one to run a query that spans millions of rows and returns 
the results in seconds or minutes. The architecture allows the platform to be limited only by its 
infrastructure capacity. It also provides a robust Extract, Load and Transform (ELT) workflow, 
which is summarized in Figure 8. 
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Figure 8 Summary of the ELT workflow in Google BigQuery 
 
IV.2.2 Github Archive BigQuery Database 
The OSS project data for this research were gathered from the Github database 
(https://github.com/), which is a public software code repository. The developers create the code 
and synchronize the changes in the Github repository. The software developers use pull requests 
and issues to modify and enhance the software code to resolve issues and add new features to the 
project. Github provides 20 different event types that record the developer activities such as 
forking the repository, committing the code base for changes, and performing pull requests. 
 Github archive (GH archive) and GHTorrent databases are available publicly for 
research purposes. While the former stores the Github event stream, the latter stores them in a 
relational database for easy query access (Baltes et al. 2018). GH Archive stores the public data 
available in the GitHub project repository. The database contains GitHub project-related 
information from 2011 to date and is summarized in the form of daily, monthly and yearly tables.  
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Github provides REST APIs for researchers to mine the repositories and gather data. However, 
the APIs to research the entire dataset in a meaningful way are limited. The objective of the 
proposed work is to extend the prior research by analyzing the rich source of relational data 
offered by Github archive and finding the factors that determine the success of OSS projects in 
the platform. The schema of the database is provided in Figure 9. 
 
Figure 9 Github database Schema 
 
The average volume of the GitHub archive datasets is summarized in Table 5. 
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Table 5 Summary of GitHub archive datasets 
 
Github Archive Tables Average Table Size Average Number of Table 
Rows 
DAY 3 GB 1.29 M 
MONTH 175 GB 55 M 
YEAR 1.68 TB 600 M 
 
IV.2.3  Stack Overflow BigQuery Database 
The stack overflow data were collected from the BigQuery database. The dataset is 
available publicly and updated every quarter (See Table 6). It contains various details about the 
stack overflow community such as posts, votes, comments, answers and badges. The schema of 
the database is shown in Figure 10. 
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Figure 10 Stack Overflow Schema 
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Table 6 Summary of stack overflow datasets 
 
Stack Overflow Tables Average Table Size Average Number of Table 
Rows 
Badges 1.5 GB 33M 
Comments 13 GB 74M 
Post_history 85 GB 120M 
Post_links 239 MB 6M 
Users 1.71GB 11M 
Votes 5.44GB 182M 
 
For this research, the experimental setting was chosen as the hypotheses must be 
formulated, tested, and evaluated once formed. This research examined two measures of project 
success: developer contribution and the number of programming languages used. Both extrinsic 
and intrinsic attributes were part of the research model. The data for this research came from the 
information on projects listed in GitHub and expressed in relationship data format in the 
BigQuery database. As of now, the database contains information on close to 95,540,347 
projects. For this study, those projects performed between January and December 2019 were 
chosen. Grouping the projects based on evolution time helped in exploring how various 
independent variables impact a project's success in different stages. Several strategies such as 
queries were used to increase the internal validity of the findings in the sampling process for the 
data drawn from GitHub to measure a project’s success. During data collection for analysis, all 
counts were taken at the project level. 
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IV.3 Data Analysis 
The following steps were performed to complete the data analysis (Figure 11). 
 
Figure 11 Data Analysis Process Flow 
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IV.3.1 BigQuery Infrastructure, ETL setup, and data cleansing 
The research data from the BigQuery public datasets, namely Stack Overflow and 
GitHub, were used as the source database tables for analysis. The community developers 
participating in the open source project were identified by the name of the Github repository 
published in the profile. Data analysis involved extracting the raw data by cross-referencing the 
Stack Overflow user tables and the GitHub repo table with the help of the project name specified 
in the profile. An SQL query combining Stack Overflow and GitHub table was created, and the 
output of the query was stored in a separate dataset. The project names listed in the dataset were 
used to form another SQL query that extracted the necessary project details from the GitHub 
archive dataset. The output was merged with that of the first query to create the input dataset to 
the “data cleansing” process.  
IV.3.2 Data Cleansing 
The output of the ETL process was checked for errors and consistencies among the fields. 
Minimal and maximum values for relevant fields were reviewed and any inconsistencies were 
removed. The ties between the Stack Overflow developers created duplicate project data, which 
were used for validation but excluded during the SPSS statistical analysis phase. 
IV.3.3 Sentiment analysis setup using Textblob 
Textblob is a python library used for processing text data. The library provides an 
application programming interface (API) to perform sentiment analysis of textual data. Textblob 
offers a polarity score which ranges from -1 (most negative) to 1 (most positive). A python 
program was developed to perform sentiment analysis using “Textblob” on a CSV file. The 
output of the program yielded a CSV file, which had sentiment indicators of the following 
values: ‘0’ – Neutral sentiment, ‘1’ – Positive sentiment and ‘2’ – Negative sentiment. 
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IV.4   RESEARCH MODEL 
IV.4.1 Conceptual Research Model  
The conceptual research model of this study is provided in Figure 12. 
 
Figure 12 Research Model 
 
40 
IV.5 Dependent Variable 
IV.5.1 Project success 
Project success was taken as the dependent variable, and the number of commits was 
used as a measure of project success. The commit event happens when a developer loads a 
modified source software code into the project repository. As the event depicts changes in the 
source repository, the number of commits was portrayed as a measurable addition of 
functionality to the project. Several studies on OSS project success have utilized the number of 
commits as a determinant of open source project success. (Temizkan et al. 2015, Singh 2010, 
Crowston et al. 2003) 
IV.6 4Independent Variables  
IV.6.1 Control variables 
Control variables were included in our research to account for the effect of factors other 
than the independent variables. The former depicts the characteristics that may cause differences 
in the dependent variable because of demographic issues, such as the age of a project, and 
activity level, such as the size of the team. The age of the project (in months) and the size of the 
team have been studied in the past as determinants of success and have been included in this 
research as control variables (Ravi Sen et al. 2012).  In this work, the measure of technology 
diversity refers to the different programming languages used by the developers to build the open 
source software. The age of the project reflects the amount of dedication exhibited by the owners 
and the supporting team members to enhance the project. The study also included the number of 
languages used as a control variable. 
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IV.6.2 Moderator variable - Artifact type 
In this research, the artifact type was used to control its moderating effect on the participation 
level of stack overflow developers in open source projects ((Temizkan et al. 2015). The artifact 
type was constructed with a value of 0 for feature requests and a value of 1 for patch 
development requests. The projects hosted in the open source repository create a variety of 
architects. The “feature request” artifacts reflect the number of enhancements and new features 
included in the open source project. In contrast, the “patch development request” artifacts depict 
the software code added to fix the bugs associated with the OSS project. The number of artifacts 
can vary based on the type and age of the project, and they also represent the changes done to it. 
The artifact type was derived at the project level from the OSS project repository Github. 
IV.6.3 Participation Level 
 The developers often create a new repository by copying another one from the OSS 
project repository. The forking command is a built-in feature of the Github platform. The 
developers fork repositories to create new projects and add features and enhancements to them. 
An analysis of the forking phenomenon in the OSS project repository enables the project 
administrators to understand the OSS community, and more specifically, the participation level 
of the developers, which is construed at the OSS project level. 
IV.6.4 Ties between the developers 
 The measure of ties between the developers could be defined as the result of existing 
collaborative relationships between the developers in the stack overflow community. The ties 
could be defined as those developers who have exchanged questions and answers in the 
developer community network and have participated in the same open source project. This 
relationship is identified by the presence of similar open source project repository names in the 
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user profile of the developers. The self-organizing nature of the OSS teams allows the developers 
to join the projects at their own will. The developers may join the GitHub project community 
because of their existing relationship with the project administrator or other members of the 
team. 
IV.6.5 Reputation Level 
 The stack overflow community has a rewards feature that enables the developers to gain 
additional privileges in the portal, such as site analytics and creating tags and chatroom. The 
reputation level is a numerical measure assigned by the platform for posting insightful questions 
and providing helpful answers to the community. The higher the reputation level of the 
developer, the higher the privileges received by them. 
IV.6.6 Developer Sentiment 
The developer sentiment is defined as the perception of the developers about an open 
source project. The concept is derived by accumulating the comments from the developers on 
various pull requests of the projects committed by the stack overflow community developers. 
The python library “Textblob” is used to mine the text data and provide the sentiment data. 
IV.7 Statistical Analysis   
A multiple linear regression analysis was performed to test for the presence of a 
correlational relationship between the selected stack overflow characteristics and their influence 
on open source project success. Project success was defined as the number of commits 
performed on the GitHub projects. Regression analysis was done using the SPSS software.  
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V RESULTS 
V.1 Descriptive Statistics and Correlations 
We used standard regression analysis to observe the influence of Stack Overflow 
community on OSS projects from Github. Initial investigation revealed that the dependent 
variable and a few of the independent variables were not normally distributed. Hence, the 
dependent and independent variables were logically transformed, and regression analysis was 
performed (Gelman et al. 2007). Table 3 reveals that the dependent variable (project commits) in 
this study has a mean of 482.86 and a standard deviation of 2677.957. The independent variable, 
participation level, has a mean of 48.87 and a standard deviation of 227.703. The reputation level 
has a mean of 1550.49 with a standard deviation of 7038.212. The control variable, age of the 
project, has a mean of 31.99 with a standard deviation of 26.09. The size of the projects has a 
mean of 2.41 with a standard deviation of 23.028, and the number of languages has a mean of 
0.96 with a standard deviation of 2.204. The total number of samples used in the analysis was 
758 (N=758), and these were collected over the entire year of 2019. 
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Table 7 Descriptive Statistics 
 
 Mean 
Std. 
Deviation N 
Project Success-commits 482.86 2677.957 721 
Participation Level 48.87 227.703 705 
Ties .33 1.295 758 
Age of the Project 31.99956
0246262075 
26.09739
1290809792 
758 
Size of the Project 2.41 23.028 758 
Number of Languages .96 2.204 758 
Reputation score 1550.49 7038.212 758 
 
V.2 Regression Model Summary  
The significance of the model was tested using the p-value. As shown in Table 8, the p-
value was significant at 0.05 level. The R2 value of the model was 0.142, which indicates that the 
model explains 14.2% of the relationship and is a reasonable fit. The coefficients of sentiment 
analysis are given in Table 9. 
Table 8 Model Results (Dependent variable: Number of commits, N = 758, Coefficient 
Matrix) 
Variable Name Project Success  
 Model1 Model2. Model3 Model4 
Participation Level 0.214* 0.162* 0.159* 0.151* 
Ties between stack overflow developers 0.111*  0.112*  0.115* 0.112* 
Age of Project team  0.766* 0.654* 0.634* 0.652* 
Size of Project Team  -0.055 -0.052 -0.064 
Number of Languages used in the project  0.183* 0.181* 0.163* 
Reputation score of stack overflow developers 
Participation Level X Artifact Type 
     0.030   0.028 
  0.327*     
.      
Sentiment                                                                                         0.882* 
R2 0.901 0.909 0.909      0.910 
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∗
Significant at the 5 percent level 
 
The general model could be represented using the following equation: 
Y = β0 + βPdPd + βFpFp+ βsent Fsent + β3 Mat Pd + βageFage + βsize Fsize + βlang Flang  
 
                 Y = Dependent variable – Number of Commits 
                 Pd = Independent variable – Participation Level of the stack overflow 
developers 
                 Fp = Independent variable – Ties between the existing developers in the stack 
overflow community 
    Fsent = Independent variable – Sentiment Level of the stack overflow developers 
                 Fage  = Control Variable – Age of the project 
                 Fsize  = Control Variable – Size of the project 
                 Flang  = Control Variable – Number of languages used in the project 
                 Mat = Moderator Variable – Artifact type 
                 βPd = Coefficient relating the independent variable Td to the dependent variable 
Project success - The effect of participation level of the Stack Overflow developers involved in 
the OSS projects on the number of commits 
       βFp = Coefficient relating the independent variable Fp to the dependent variable 
Project success- The effect of prior collaboration ties between the SO developers on the number 
of commits 
    βsent = Coefficient relating the independent variable Fsent to the dependent 
variable  
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Project success - The effect of sentiment level of the SO developers participating in the OSS 
projects on the number of commits 
               β3  = Coefficient relating the moderator variable Mat on the participation level of 
the SO developers (βPd ) to the dependent variable  
Project success - Moderating effect of artifact type to the participation level of the SO developers 
involved in the OSS projects on the number of commits 
                βage = Coefficient relating the independent variable Fage to the dependent 
variable Y- The effect of age of the project on the number of commits 
                βsize = Coefficient relating the independent variable Fsize to the dependent 
variable Y- The effect of age of the project on the number of commits 
                βlang = Coefficient relating the independent variable Flang to the dependent 
variable Y- The effect of age of the project on the number of commits 
 
Table 8 indicates the results of the regression model. It was found that the study confirms 
hypothesis 1 because the interaction of the participation level of Stack Overflow developers in 
the OSS projects from Github with project success is positive and significant (β=0.151, p < 
0.05).  
 
A significant relationship between the reputation level of SO developers and open source project 
success was hypothesized (hypothesis 2). However, the results did not support this hypothesis 
(β=- 0.028, p > 0.05).  
 
A relationship between the existing ties among the developers in the SO community and open 
source project success was hypothesized (hypothesis 3). A significant coefficient (β=0.112, p < 
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0.05) was detected, which supports the hypothesis. 
 
As stated, in hypothesis 4, the results supported the moderating impact of artifact type on the 
relationship between the participation level of the SO developers and project success. The 
coefficient for the interaction term was positive and insignificant (β=0.327, p < 0.05), a result 
which supports the hypothesis. 
 
Furthermore, it was hypothesized (hypothesis 5) that a difference exists between the predictive 
performance of a model with sentiment and one without it. In support of this hypothesis, a 
differential impact was noted between the two groups of projects (β1=0.274, β2=0.801, p < 0.05). 
 
In hypothesis 6, it was opined that a difference exists between the predictive performance of a 
model with negative sentiment and one with positive sentiment. In support of this hypothesis, a 
differential impact between the two groups of projects (β1=0.724, β2=0.395, p < 0.05) was noted. 
Table 9 Sentiment Results (Dependent variable: Number of commits, N = 721) 
 
Variable Name Projects with 
sentiment 
Projects without 
sentiment 
Projects with 
positive 
sentiment  
Projects with 
negative 
sentiment 
Correlation between 
project success and 
participation Level 
0.274* 0.801* 0.724* 0.395* 
∗Significant at 5% level 
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V.3 Summary 
While not all the hypotheses were supported in our model, it is important to note that most of the 
independent variables influenced the OSS project success (See Table 10). 
Table 10 Hypothesis Results 
 
Variable Type Hypothesis Hypothesis Type Tested Variable Results 
Participation Level of stack 
overflow developers 
Hypothesis H1 Success Number of 
forks in the 
Github 
repository 
Supported 
Reputation Level of stack 
overflow developers 
Hypothesis H2 Success Reputation 
score of stack 
overflow 
developers 
Not 
Supported 
Ties between stack overflow 
developers 
Hypothesis H3 Differential Impact Number of 
developers 
from the stack 
overflow 
community 
participating in 
the same 
Github project 
Supported 
Moderation impact of artifact 
type on the relationship 
between the participation of 
Stack overflow developers and 
the success of open source 
projects 
Hypothesis H4 Moderator Number of 
commits for a 
given project 
and the artifact 
type 
 
 
Supported 
Sentiment Analysis – Predictive 
performance of an open source 
project with and without 
sentiment 
Hypothesis H5 Differential impact Number of 
commits for a 
given project 
 
 
Supported 
Sentiment Analysis – Predictive 
performance of an open source 
project with positive and 
negative sentiments 
Hypothesis H6 Differential impact Number of 
commits for a 
given project 
 
 
Supported 
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VI DISCUSSION 
In this study, the impact of online developer community network on OSS projects was 
explored. The formation of new teams by those embedded in the online developer community 
network to create successful projects was investigated. The key results from this study are 
summarized in Table 11. 
VI.1 Key Findings  
Online developer collaboration network exerted an influence on the success of open source 
projects. 
 Studies on open source projects have demonstrated various factors that contribute to their 
success. This work was driven by the lack of research on the formation of self-organizing teams 
in an open source project environment. This study assessed the relationship between an 
exemplary online developer collaboration network, namely the Stack Overflow, and open source 
project success through the lens of social network theory. The results from the empirical study 
imply the positive influence of stack overflow developers on the success of open source projects. 
These findings suggest that when the stack overflow developers participate in an open source 
project, it is successful.  
The critical component of OSS projects is its members. The study indicates that internal 
cohesion and the participation level of the stack overflow developers play a crucial role in the 
success of open source projects. The existing relationship between the developers carried over to 
the open source project community, and prior ties between them contributed to the success of the 
projects. A software developer is more likely to join a new open source project initiative if they 
have a strong collaborative relationship with the project initiator or other developers. Software 
development is a social network process that depends on a strong communication and 
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coordination between the developers (Sawyer et al. 1998). The additional dimension of the type 
of artifact deployed in the open source project had a significant relationship with its success. 
Within the stack overflow developer community, the study did not see any connection between 
the reputation level of the developers and the success of open source projects. 
 
The developer sentiment had an influence on the success of open source projects. 
 
In this study, the impact of developer sentiment from the Stack Overflow community on the open 
source projects was investigated. The findings revealed that projects with sentiment showed a 
different level of success than those without it. In addition, the positive sentiment of the 
developers played a considerable role in the success of projects. The positive developer 
sentiment facilitated a significant level of watchers, which eventually led to the success of the 
projects.  
Table 11 Findings and Contributions of this study 
 
Determinants OSS success measure Findings from this study 
1. Relationship between the 
SO community and OSS 
project success 
• Participation Level 
• Reputation Level 
 
 
  
Project commits Positive Impact 
Project commits No impact 
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• Existing ties between 
the software 
developers 
• Moderating impact of 
artifact type 
Project commits Positive Impact 
Project commits Positive Impact 
2. Relationship between the 
SO developer sentiment and 
OSS project success 
• Predictive 
performance of an 
open source project 
with and without 
sentiment 
• Predictive 
performance of an 
open source project 
with positive and 
negative sentiments 
  
Project commits Differential Impact 
Project commits Differential Impact 
 
VI.2 Contributions 
VI.2.1 Contributions to Academic Literature 
 The study has contributed to the extant theoretical literature on the formation of new 
software development teams in a virtual open source environment through the interactions 
between the developers in an online developer community network. The findings have also 
provided a perspective on how OSS projects attract new developers through the network. 
This study has served as an empirical research in the context of stack overflow 
community and its impacts on the success of open source projects. Specifically, the work has 
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explored the participation level of the developers and the internal cohesion among them in open 
source projects. The moderating effect of artifacts on the relationship between the stack overflow 
community and open source projects has never been studied in the past. This is a crucial finding 
as the stack overflow developers are proficient in problem-solving, and its impact on the success 
of open source projects is discernable. 
 
Besides, the study has performed an empirical assessment of developer sentiment on 
open source projects. This facet has never been researched in the past and is therefore a key 
contribution to the literature. 
 
The study has also added to the literature on the behavior of self-organizing teams in a 
collaborative environment through the lens of graph theory and online developer community. 
 
The study, in general, has contributed to the literature on the determinants of open source 
project success. 
VI.2.2 Contributions to Practice 
 The study can assist software development leaders, project managers and recruiting 
managers in understanding the contribution of developer collaboration network towards open 
source projects. This research has provided a framework for building a successful virtual 
software development team through the Stack Overflow community. The study has created an 
awareness among the leaders that a highly successful self-organizing virtual team can be built 
from the online developer community. 
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 Furthermore, the study has enabled those who have been tasked with recruiting a highly 
talented open source project team for enterprises to specifically target the developers from the 
stack overflow community during the recruitment process. If permitted by the developer privacy 
options, the recruiters can aim at sending targeted emails to the highly talented stack overflow 
developers from a specific technology domain. 
 Moreover, the investigation has created a framework for the recruiting industry to build a 
software as a service platform for recruiting talented developers from the online developer 
collaboration network. The platform can learn from the problem-resolving capabilities of the 
developers and match their skills with the needs of the enterprises. 
 The findings also suggest that developers focused on joining an open source project 
should try to establish collaborative ties with others in the online developer community network. 
VI.2.3 Limitations and Future Research  
The quantitative research has described the power of an online developer community, such 
as stack overflow, on open source projects.  A limitation of the study is the derivation of the 
relationship between the Stack Overflow developers and their presence in the open source 
projects. The work derives this connection only if the Stack overflow developers specifically 
mention the name of open source project in their profile. Hence, the investigation does not 
capture the multitude of developers who do not carry the project name in their profile. Hence, 
future research can be extended to identifying constructs that carry the relationship between the 
stack overflow developers and open source projects in Github.  
Another limitation of this study is its cross-sectional design. This research has specifically 
analyzed the impact of the relationship over a single year. Hence, it can be expanded to assess 
the relationship over several years. 
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Besides, the study is also limited to the online developer community stack overflow and 
the open source project repository Github.  Therefore, future research can be extended to 
additional developer communities such as “Experts-Exchange” and open source project 
repositories such as “Bitbucket”.  
VI.2.4 Conclusions 
In conclusion, the relationship between Stack Overflow developers and the success of 
open source projects was explored using the Social Network Theory as a theoretical framework. 
Our findings suggest that collaboration between the Stack Overflow developers results in a 
successful open source project. Additionally, the relationship between developer sentiment and 
open source project was examined. The open source projects with a high level of positive 
sentiment attracted additional involvement from the developer community and were successful.    
The recruiting industry needs to decipher ways to target skilled resources from the online 
developer community to build a successful project team. Such a community brings incremental 
value to a self-organizing virtual team, and future studies can include new developer 
communities and open source project repositories. 
 
  
55 
APPENDICES  
Appendix A: Big Query Console 
 
 
 
Appendix B: Table Pre summary 
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Appendix C: Table Post summary 
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VI.3 Appendix D: Table Post summary after Text analysis 
 
 
Appendix E: Model summary 
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Appendix F:  Multiple Regression Analysis – Coefficients 
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Appendix G:  Multiple Regression Analysis – Correlations 
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